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- (54) RARE EARTH COMPLEX, OPTICALLY FUNCTIONAL MATERIAL USING THE SAME AND EMISSION DEVICE 
_(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a rare earth complex and a 
-transparent solid carrier containing the same having high 

phototransformation efficiency, useful as a novel emission device by 
"being combined with an LED (light-emitting diode) or a semiconductor 

laser and applicable to general lighting systems, signaling devices, or 

displays. 

SOLUTION: This rare earth complex for optically functional materials 
is expressed by general formula (I) [wherein Ln expresses a rare earth 
atom; n1 expresses 2 or 3; n2 expresses 1 or 2; n3 expresses 1, 2, 3 or 
4; X expresses H, D, a halogen (F, CI, Br or I), a 1-20C group, OH, 
nitro, amino, sulfonyl, cyano, silyl, a phosphonic acid group, diazo or 
mercapto; Y expresses a 1-20C group, OH, nitro, amino, sulfonyl, 
cyano, silyl, a phosphonic acid group, diazo or mercapto; D expresses 
deuterium]. This optically functional material is obtained by bringing 
the rare earth complex to be included in the transparent solid carrier. 
This emission device is provided by combining the optically functional 
material with the LED or the semiconductor laser. 
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CLAIMS 



[Claim(s)] 

[Claim 1] General formula (I) [Formula 1] 




Ln shows a rare earth atom among [type, and n1 shows 2 or 3. n2 shows 1 or 2. n3 shows 1, 2, 3, or 4. X shows the 
same or a different hydrogen atom, a heavy hydrogen atom, a halogen atom, the radical of C1-C20, a hydroxyl group, a 
nitro group, the amino group, a sulfonyl group, a cyano group, a silyl radical, a phosphonic acid radical, a diazo group, 
and a sulfhydryl group. Y shows the same or a different radical of C1-C20, a hydroxyl group, a nitro group, the amino 
group, a sulfonyl group cyano group, a silyl radical, a phosphonic acid radical, a diazo group, and a sulfhydryl group. D 
shows a heavy hydrogen atom.] The rare earth complex for optical functional materials come out of and expressed. 
[Claim 2] Transparence fixed support for optical functional materials containing a rare earth complex according to claim 
1. 



[Claim 3] General formula (II) [Formula 2] 




[ — Ln, n1, n2, n3, X, and Y are the same as the above among a formula, and Z shows a hydrogen atom or a heavy 
hydrogen atom.] Luminescence equipment characterized by combining the light emitting diode or the semiconductor 
laser which emits the excitation light corresponding to absorption of the ligand of the transparence fixed support which 
comes out and contains the crystal of a rare earth complex or this rare earth complex expressed, and a f-f transition 
of central ion Lnn1+ of this complex or this complex. 

[Claim 4] Luminescence equipment according to claim 3 characterized by above-mentioned central ion Lnn1+ being 
Eu3+. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the rare earth complex equipped with the useful optical property, the 

optical functional material which applied it to the list, and luminescence equipment 

[0002] 

[Description of the Prior Art] Development of an electronic ingredient is remarkable and much development of an 
optical functional material is performed in the field of optoelectronics. For example, the glass containing neodymium is 
put in practical use as an electron device. for laser beams. However, the manufacture and processing are difficult, and 
since the manufacturing cost is high, the application is restricted. 

[0003] The resin constituent containing the ammonium salt of beta-diketone / Eu complex which has a thiophene and 
CF3 as a substituent as a polymer constituent which has a luminescence is indicated by JP.64-26583.A. Furthermore, 
the resin constituent containing the deuteration beta-diketone / Eu complex, or the sulfonate / Eu complex which has 
_ a luminescence and which has CF3 as a substituent as a polymer constituent is indicated by Japanese Patent 
Application No. 10-238973. 
[0004] 

XProblem(s) to be Solved by the Invention] However, these resin constituent had not reached the level which a 
luminescence property can still satisfy. 

-[0005] beginning some these artificers from re-evaluation of the energy gap theory to it — a group of rare earth 
metals, such as neodymium which can emit light in an organic medium for the first time in the world in 1 995, — it 
succeeded in the design of a complex (the Hasegawa ****, "how the neodium which does not shine in an organic 
medium to be shone", chemistry, industry, volume [ 53rd ] (2000) No. 2, and pp.1 26-1 30). Patent application was also 
performed about these parts (PCT/JP98/00970=WO98/40388 official report, a Japanese-Patent-Application-No. 
10-238973= JP,2000-63682,A official report, Japanese-Patent-Application-No. 11-62298= JP,200O-256251,A official 
report). 

[0006] These complexes are stable also in the elevated temperature of 350 degrees C, it is hard to produce 
photodegradation, and an organic compound reverses the conventional common sense of being easy to produce 
degradation by heat or optical exposure. Moreover, compatibility with the host ingredient of a resin system called 
plastics and a polymer is also high, and becoming easy workability with a next-generation light corpuscle child conjointly 
is expected. 

[0007] Then, invention-in-this-application persons did patent application of the luminescence equipment which 
combined the constituent which has these outstanding luminescence properties and them and LED, or semiconductor 
laser (application for patent No. 1351 16 [ 2001 to ]). 

[0008] While continuing research further about a complex, extinction and a luminescence property come to find out the 
further excellent constituent, and this invention persons offer the constituent itself and the optical functional material 
using it, and luminescence equipment according to combination with it, LED, or semiconductor laser further this time. 
[0009] 

[Means for Solving the Problem] The constituent concerning this invention is a rare earth complex expressed with the 
general formula (II) of drawing 1 . 

[0010] In the general formula (II) of drawing 1 , Ln shows a rare earth atom and n1 shows 2 or 3. n2 shows 1 or 2. n3 
shows 1, 2, 3, or 4. X shows the same or a different hydrogen atom, a heavy hydrogen atom, a halogen atom (F, CI, Br, 
I), the radical of C1-C20, a hydroxyl group, a nitro group, the amino group, a sulfonyl group, a cyano group, a silyl 
radical, a phosphonic acid radical, a diazo group, and a sulfhydryl group. Y shows the same or a different radical of 
C1-C20, a hydroxyl group, a nitro group, the amino group, a sulfonyl group cyano group, a silyl radical, a phosphonic 
acid radical, a diazo group, and a sulfhydryl group. Z shows a hydrogen atom or a heavy hydrogen atom. 
[0011] 

[Embodiment of the Invention] Each component is further explained to a detail. 
[0012] As the radical of C1-C20; 

* Par alkyl halide radical which has a straight chain or branching, such as an alkyl group (CnH2n+1;n-1-20) which has a 
straight chain or branching and a perfluoroalkyl radical (CnF2n+1;n=1-20), and the Park Rollo alkyl group 
(CnCI2n+1;n=1-20); 

[0013] * The alkenyl radical which has a straight chain or branching (a vinyl group, an allyl group, butenyl group), and a 
perfluoro alkenyl radical (a perfluoro vinyl group and a perfluoro allyl group — ) The par halogenation alkenyl radical 
which has a straight chain or branching, such as a perfluoro butenyl group and a par chloro alkenyl radical; A cycloalkyl 
radical (CnH2n-1;n=3-20), And a perfluoro cycloalkyl radical (CnF2n-1;n=3-20), par alkyl halide radical; which has a 
straight chain or branching, such as the Park Rollo alkyl group (CnCI2n-1;n=3-20), — a cyclo alkenyl radical (a 
cyclopentylic group — ) Par alkyl halide radicals, such as perfluoro cyclo alkenyl radicals, such as a cyclohexyl radical, 
and a par chloro alkenyl radical; 

[0014] * Par halogenated-aromatics radicals, such as aromatic series radicals, such as a phenyl group, a naphthyl 
group, and a biphenyl radical, and a perfluoro phenyl group, a perfluoro naphthyl group, a perfluoro biphenyl radical, a 
par chlorophenyl radical, the Park Rollo naphthyl group, and a par chloro biphenyl radical; 

[0015] * Par halogenation hetero aromatic series radicals, such as hetero aromatic series radicals, such as a pyridyl 
radical, and a perfluoro pyridyl radical; 
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[0016] * Par halogenation aralkyl radicals, such as aralkyl radicals, such as benzyl and a phenethyl radical, and 
perfluoro benzyl; 

J0017]_**_can be_mentioned 

[0018] You may permute by the radical of C1-C20 shown by X and Y if needed by substituents, such as a heavy 
hydrogen atom, a halogen atom (F, CI, Br, I), a hydroxyl group, a nitro group, the amino group, a sulfonyl group, a cyano 
group, a silyl radical, a phosphonic acid radical, a diazo group, and a sulfhydryl group. 

[0019] Moreover, one or more -0-, -COO- and -CO- are made to intervene between the C-C single bond of the 
location of the arbitration of the radical of C1-C20, and it is good also as the ether, ester, and ketone structure. 

- [0020] the rare earth complex of the general formula (II) X and whose Y are alkenyl radicals — the need — responding 
— olefins, such as ethylene and a propylene, — and halogenation olefin polymerization is carried out and it is good also 
as a macromolecule rare earth complex. 

- [0021] In the compound expressed with a general formula (II), although the aforementioned thing is usable, when the 
point of the stability of the transparence solid support which contains a rare earth complex or a rare earth complex 
especially, and luminescence reinforcement is taken into consideration as Y, the alkyl group of carbon numbers 1-4, a 
par alkyl halide radical, an aromatic series radical, a par halogenated-aromatics radical, a hetero aromatic series radical, 
and a par halogenation hetero aromatic series radical are desirable, and a perfluoroalkyl radical, an aromatic series 
radical, and a hetero aromatic series radical are the most desirable especially. 

[0022] As rare earth elements expressed with Ln, lanthanides, such as La, Ce. Pr, Nd, Pm, Sm f Eu, Gd. Tb, Dy, Ho, Er, 
Tm, Yb, and Lu, are mentioned, and Nd, Eu, Tb, and Yb are mentioned preferably. 

[0023] Although n1 is 2 or 3, 3 is shown preferably. Although n2 is 1 or 2, 2 is shown preferably. Although n3 is either 
1-4, 3 is shown preferably. 

[0024] By carrying out the heavy hydrogen substitution reaction of the complex and deuteration agent which are 
expressed with a general formula (II), the complex (that whose Z is the heavy hydrogen atom D) of the general formula 
(I) indicated to claim 1 is obtained. Deuteration alcohol, such as heavy water, a deuteration methanol, and deuteration 
. ethanol, a heavy hydrogen chloride, deuteration alkali, etc. are mentioned to the protonic compound and concrete 
target in which the deuteration agent used contains heavy hydrogen. In order to promote a reaction, base agents and 
-additives, such as a trimethylamine and triethylamine, may be added. Although a heavy hydrogen substitution reaction 
js obtained by mixing the complex and deuteration agent which are expressed with a general formula (II), an aprotic 
solvent may be added to reaction time. As an aprotic solvent, halogen system solvents, such as ether system solvents, 
-such as ketone solvent, such as an acetone and a methyl ethyl ketone, diethylether, and a tetrahydrofuran, chloroform, 
and a methylene chloride, DMSO, DMF, etc. are mentioned, inside — a general formula (II) — the dissolution — a 
meltable solvent is desirable. 

[0025] Moreover, as an amount of the deuteration agent to be used, 1-100 weight section extent is illustrated to the 
total amount (it considers as 1 weight section) of the complex expressed with a general formula (II), and it is 1 - 20 
weight section extent preferably. 

[0026] What is necessary is not to be limited especially as an approach of mixing, but to be 150 degrees C in 
temperature from a room temperature, to be 30 to 100 degrees C in temperature preferably, and just to mix preferably 
under churning for 0.1 to 20 hours for 0.1 to 100 hours if needed. 

[0027] The complex expressed with a general formula (I) is obtained by distilling off a deuteration agent and a solvent 
after churning. Moreover, it can refine further by approaches, such as recrystallization, column chromatography, and 
sublimation, if needed. 

[0028] They are a general formula (I) and a general formula (II) by the above-mentioned approach. The rare earth 
complex expressed can be prepared. 

[0029] The extinction and the luminescence property of the rare earth complex concerning this invention are described 
in detail later. 

[0030] the above — it can use for various optical functional materials, such as a luminescence auxiliary object and an 
optical lens, by making a transparence solid support contain the rare earth complex which has useful extinction and 
luminescence property. In addition, the crystal of the above-mentioned rare earth complex itself can be used as an 
optical functional material similarly natural. 

[0031] Furthermore, the luminescence equipment which combined the light emitting diode or the semiconductor laser 
which emits the excitation light corresponding to f-f transition of the central ion of the transparence solid support 
containing the crystal of these rare earth complex or a rare earth complex and its rare earth complex or absorption of 
a ligand can be used as high luminescence equipment of luminous efficiency. 

[0032] A transparence polymer matrix, clear glass, etc. can be used as the above-mentioned transparence solid 
support. 

[0033] As a transparence polymer matrix, polymethylmethacrylate, fluorine-containing polymethacrylate, Polyacrylate, 
fluorine-containing polyacrylate, polystyrene, polyethylene, Polyolefines, such as polypropylene and polybutene, 
fluorine-containing polyolefine, Polyvinyl ether, fluorine-containing polyvinyl ether, polyvinyl acetate, Polyvinyl chlorides 
and those copolymers, a cellulose, polyacetal. Polyester, a polycarbonate, an epoxy resin, polyamide resin, Polyimide 
resin, polyurethane, Nafion, petroleum resin, rosin, silicone resin, etc. are illustrated. Polymethylmethacrylate, 
fluorine-containing polymethacrylate, polyacrylate, fluorine-containing polyacrylate, polystyrene, polyolefine, polyvinyl 
ether and those copolymers, an epoxy resin, etc. can be used preferably. Of course, these two or more sorts may be 
combined. 

[0034] When making a transparence polymer matrix, clear glass, etc. contain a rare earth complex, in order to raise the 

transparency, a polar solvent can also be included simultaneously. 

[0035] As a polar solvent, DMSO-d6 (dimethyl sulfoxide) can be used, for example. 

[0036] 

[Effect of the Invention] The transparence solid support containing the rare earth complex of this invention and it has 
the high conversion efficiency of light, it is useful as new luminescence equipment by combination with LED or 
semiconductor laser, and the application to general lighting equipment, a signalling device, a display, etc. is possible for 
it. ■ 

[0037] By changing the structure of a ligand, and/or the class of rare earth atom, the rare earth complex of this 
invention can change luminescence wavelength, and can obtain coloring of the wavelength of arbitration. 
[0038] 
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[Example] Although this invention is hereafter explained more to a detail based on an example, as for this invention 
itself, it is needless to say that it is not limited by these examples. 
_[0039]_The-synthetic aceticracid europium (Eu(CH3C00) 3:5g, 12.5mmol) of Eu(hfa-H)3(H20) 2 complex was melted to 
50ml distilled water, the hexafluoro acetylacetone (hfa) (CF3COCH2COCF3:7g, 33.6mmol) was added, and it agitated at 
the room temperature for 3 hours. The precipitating solid-state was recrystallized with after filtration and rinsing, a 
methanol, and distilled water, and the target complex (Eu(hfa-H)3(H20) 2: light yellow) was obtained. By differential 
thermal analysis (DSC), the obtained complex checked that they were two hydrates. IR (cm-1) : 3450 (O-H st.), 1650 
(C-0 st), 1250-1150 (C-F) 19 F-NMR:(acetone - d6, standard substance C6F6; ppm)-78.3 [(CF3)0040] The complex 
- (Eu(hfa-H)3(H20)2 5.77g) and triphenyl phosphine oxide (TPPO:2.97g) which were obtained in the synthetic example 1 
of Eu(hfa-H)3(TPPO) 2 complex were melted to the 100ml methanol, and heating reflux was performed for 12 hours. 
The methanol was removed by reduced pressure distilling off 12 hours after, and the white product was obtained. After 
washing these fine particles with toluene and removing Eu(hfa-H)3(H20) 2 unreacted complex by attraction filtration, 
reduced pressure distilling off of the toluene was carried out. The obtained product was washed by the hexane and fine 
particles were obtained. Yield was 5.28g and yield was 74%. The target complex (Eu(hfa-H)3(TPPO) 2) was obtained by 
recrystallizing with the mixed solvent of toluene and a hexane. 

IR (cm-1) : 1650 (C=0) 1250-1 150 (C-F), 1125 (P=0) 19 F-NMR : (acetone - d6, standard substance C6F6; ppm) 
delta-76.7 1 (s, C-F) H-NMR (acetone - d6, standard substance TMS; ppm) : delta 7.6 (m, aromatic C-H), 5.4 (s, C-H) 
Elemental analysis (EuC51H3308F18P2) 

Actual measurement C, 45.94;H, 2.57% calculated value C, 45.96;H. 2.50% [0041] The deuteration reaction of the 
complex obtained in the synthetic example 2 of Eu(hfa~D)3(TPPO) 2 was performed according to well-known reference 
(Hasegawa, Y.; Murakoshi, K.; Wada, Y.; Yanagida, S.; Kim, J.; Nakashima, N.; Yamanaka, T.J.Phys.Chem.1996, 100, 
10201.X The obtained fine particles were fully dried and the target complex (Eu(hfa~D)3(TPPO) 2) was obtained. 
[0042] The polymer containing the complex obtained in the creation example 3 of the polymer containing 
Eu(hfa-D)3(TPPO) 2 prepared according to well-known reference (Hasegawa, Y.; Sogabe, K.; Wada, Y.; Kitamura, T.; 
- Nakashima, N.; Yanagida, S.Chem.Lett1999, 35.). 
[0043] The luminescence property of the PMMA polymer (A, B) containing luminescence property Eu(hfa-D)3(TPPO) 2 
"is shown in drawing 2 . The luminescence property of the PMMA polymer (Hasegawa, Y.; Sogabe, K.;Wada, Y.; Kitamura, 
T.; Nakashima, N.; Yanagida, S.Chem.Lett.1999, 35.) (C, D) which contains a rare earth complex given in reference as a 
comparison is shown in the same graph. Drawing 2 shows that the luminescence quantum yield of the transparence 
"solid support (A, B) containing the complex of this invention is improving by leaps and bounds compared with a thing 
(PMMA containing Eu(hfa-D)3(D20) 2) (C, D) given in reference. 

[0044] The graph of the emission spectrum of each sample is shown in drawing 3 . The spectral intensity of an axis of 
ordinate standardized the luminescence reinforcement of 590nm as 1. Excitation wavelength is 465nm corresponding to 
f-f transition of Eu3+ which is the central ion of a complex. As for the sample A (PMMA containing Eu(hfa~D)3(TPPO) 
2) which is the example of this invention, it turns out that the luminescence reinforcement of 615nm (red) is strong 
relatively. Moreover, in drawing 3 , it is observed that the peak intensity ratios of each sample differ. This shows that 
the color rendering properties of luminescence can be adjusted in a certain range by designing selection of a ligand, and 
the existence (amount) of an additive suitably. 

[0045] The excitation spectrum of the sample A (PMMA containing Eu(hfa-D)3(TPPO) 2) which is the example of this 
invention is shown in drawing 4 . It has a broadcloth absorption band besides a 465nm sharp peak in 370-450nm. It is 
thought that 465nm is based on f-f transition of central ion Eu3+ as above-mentioned, and a 370-450nm broadcloth 
absorption band is based on the thing which many f-f transition overlapped, or a ligand. 

[0046] Drawing 5 puts Sample A (PMMA containing Eu(hfa-D)3(TPPO) 2) on InGaN blue LED, and measures the 
spectrum of the transmitted light. Although InGaN-LED adjusts the component variable x so that the core of the 
luminescence wavelength may be set to 465nm, and it has a luminescence peak in 450-500nm, in 465nm, the steep 
absorption peak by f-f transition of central ion Eu3+ of rare earth complex Eu(hfa-D)3(TPPO) 2 has arisen in it. 
Moreover, the big luminescence peak has appeared in 615nm, and the small luminescence peak has appeared also near 
591 nm and in near 700nm. The high luminous efficiency of about 70% in these is acquired as shown in drawing 2 . 
[0047] Drawing 6 is the result of adjusting the component variable x of InGaN-LED so that it may go into the 
370-450nm broadcloth excitation Mitsunori enclosure of Sample A (PMMA containing Eu(hfa-D)3(TPPO) 2), and 
performing measurement same as 405nm for luminescence wavelength. Also in this case, similarly, the big peak 
appeared near 615nm and the small peak has appeared 591 nm and near 700nm. 

[0048] Drawing 7 is the result of putting Sample A (PMMA containing Eu(hfa-D)3(TPPO) 2), and performing same 
measurement on the conventional white LED (what covered InGaN blue LED with the YAG fluorescent substance). In 
465nm, the absorption peak by f-f transition of Eu3+ is accepted clearly. And the big luminescence peak has appeared 
near 615nm as the result. It will become near white and the ideal light source using it for which the red component 
which was missing in the conventional white LED was compensated with the luminescence equipment produced by 
doing in this way will turn into a source of the white light where color rendering properties are dramatically high so that 
clearly from this drawing. An operation, a goods display, etc. can use especially this as the useful light source in the 
field for which the color discernment force or color rendering properties is needed. 

[0049] Since the rare earth complex concerning this invention has such an extinction property, it can be used useful as 
an efficient wavelength conversion light functional material by combining LED or semiconductor laser as the excitation 
light source. It is thought that especially a 370-450nm broadcloth absorption band as shown in drawing 4 brings big 
effectiveness to combination with broadband emitters, such as EL. 

[0050] The usefulness of such a wavelength conversion light functional material and it and LED, or the luminescence 
equipment by combination with semiconductor laser is discussed in the detail in application (application for patent 
2001-135116) of the above-mentioned point. The optical functional material which is a transparence solid support 
containing the rare earth complex and it concerning this invention, and luminescence equipment according to 
combination with the emitter of it, LED, semiconductor laser, and others further provide society with the same 
industrial usefulness. 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to the rare earth complex equipped with the useful optical property, the 
optical functional material which applied it to the list, and luminescence equipment. 
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PRIOR ART 



[Description of the Prior Art] Development of an electronic ingredient is remarkable and much development of an 
optical functional material is performed in the field of optoelectronics. For example, the glass containing neodymium is 
put in practical use as an electron device for laser beams. However, the manufacture and processing are difficult, and 
since the manufacturing cost is high, the application is restricted. 

[0003] The resin constituent containing the ammonium salt of beta-diketone / Eu complex which has a thiophene and 
CF3 as a substituent as a polymer constituent which has a luminescence is indicated by JP.64-26583.A. Furthermore, 
the resin constituent containing the deuteration beta-diketone / Eu complex, or the sulfonate / Eu complex which has 
a luminescence and which has CF3 as a substituent as a polymer constituent is indicated by Japanese Patent 
Application No. 10-238973. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] The transparence solid support containing the rare earth complex of this invention and it has 
the high conversion efficiency of light, it is useful as new luminescence equipment by combination with LED or 
semiconductor laser, and the application to general lighting equipment, a signalling device, a display, etc. is possible for 
it 

[0037] By changing the structure of a ligand, and/or the class of rare earth atom, the rare earth complex of this 
invention can change luminescence wavelength, and can obtain coloring of the wavelength of arbitration. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, these resin constituent had not reached the level which a 
luminescence property can still satisfy. 

[0005] beginning some these artificers from re-evaluation of the energy gap theory to it — a group of rare earth 
metals, such as neodymium which can emit light in an organic medium for the first time in the world in 1995, — it 
succeeded in the design of a complex (the Hasegawa ♦***, "how the neodium which does not shine in an organic 
medium to be shone", chemistry, industry, volume [ 53rd ] (2000) No. 2, and pp.126-130). Patent application was also 
performed about these parts (PCT/JP98/00970=WO98/40388 official report, a Japanese-Patent-Application-No. 
10-238973= JP,2000-63682,A official report, Japanese-Patent-Application-No. 11-62298= J P, 2000-2 5 6 251, A official 
report). 

[0006] These complexes are stable also in the elevated temperature of 350 degrees C, it is hard to produce 
photodegradation, and an organic compound reverses the conventional common sense of being easy to produce 
degradation by heat or optical exposure. Moreover, compatibility with the host ingredient of a resin system called 
- plastics and a polymer is also high, and becoming easy workability with a next-generation light corpuscle child conjointly 
is expected. 

"[0007] Then, invention-in-this-application persons did patent application of the luminescence equipment which 
combined the constituent which has these outstanding luminescence properties and them and LED, or semiconductor 
laser (application for patent No. 1 351 1 6 [ 2001 to ]). 

10008] While continuing research further about a complex, extinction and a luminescence property come to find out the 
further excellent constituent, and this invention persons offer the constituent itself and the optical functional material 
using it, and luminescence equipment according to combination with it, LED, or semiconductor laser further this time. 
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MEANS 



[Means for Solving the Problem] The constituent concerning this invention is a rare earth complex expressed with the 
general formula (II) of drawing 1 . 

[0010] In the general formula (II) of drawing 1 , Ln shows a rare earth atom and n1 shows 2 or 3. n2 shows 1 or 2. n3 
shows 1 , 2, 3, or 4. X shows the same or a different hydrogen atom, a heavy hydrogen atom, a halogen atom (F, CI, Br, 
I), the radical of C1-C20, a hydroxyl group, a nitro group, the amino group, a sulfonyl group, a cyano group, a silyl 
radical, a phosphonic acid radical, a diazo group, and a sulfhydryl group. Y shows the same or a different radical of 
C1-C20, a hydroxyl group, a nitro group, the amino group, a sulfonyl group cyano group, a silyl radical, a phosphonic 
acid radical, a diazo group, and a sulfhydryl group. Z shows a hydrogen atom or a heavy hydrogen atom. 
[0011] 

[Embodiment of the Invention] Each component is further explained to a detail. 
[0012] As the radical of C1-C20; 

* Par alkyl halide radical which has a straight chain or branching, such as an alkyl group (CnH2n+1;n=1-20) which has a 
- straight chain or branching and a perfluoroalkyi radical (CnF2n+1;n=1-20), and the Park Rollo alkyl group 
(CnCI2n+1;n=1-20); 

T0013] * The alkenyl radical which has a straight chain or branching (a vinyl group, an allyl group, butenyl group), and a 
perfluoro alkenyl radical (a perfluoro vinyl group and a perfluoro allyl group — ) The par halogenation alkenyl radical 
which has a straight chain or branching, such as a perfluoro butenyl group and a par chloro alkenyl radical; A cycloalkyl 

"radical (CnH2n-1;n=3-20), And a perfluoro cycloalkyl radical (CnF2n-1;n=3-20), par alkyl halide radical; which has a 
straight chain or branching, such as the Park Rollo alkyl group (CnCI2n-1;n=3-20), — a cyclo alkenyl radical (a 
cyclopentylic group — ) Par alkyl halide radicals, such as perfluoro cyclo alkenyl radicals, such as a cyclohexyl radical, 
and a par chloro alkenyl radical; 

[0014] * Par halogenated-aromatics radicals, such as aromatic series radicals, such as a phenyl group, a naphthyl 
group, and a biphenyl radical, and a perfluoro phenyl group, a perfluoro naphthyl group, a perfluoro biphenyl radical, a 
par chlorophenyl radical, the Park Rollo naphthyl group, and a par chloro biphenyl radical; 

[0015] * Par halogenation hetero aromatic series radicals, such as hetero aromatic series radicals, such as a pyridyl 
radical, and a perfluoro pyridyl radical; 

[0016] * Par halogenation aralkyl radicals, such as aralkyl radicals, such as benzyl and a phenethyl radical, and 

perfluoro benzyl; 

[001 7] ** can be mentioned. 

[0018] You may permute by the radical of C1-C20 shown by X and Y if needed by substituents, such as a heavy 
hydrogen atom, a halogen atom (F, CI, Br, I), a hydroxyl group, a nitro group, the amino group, a sulfonyl group, a cyano 
group, a silyl radical, a phosphonic acid radical, a diazo group, and a sulfhydryl group. 

[0019] Moreover, one or more -O-, -COO- and -CO- are made to intervene between the C-C single bond of the 
location of the arbitration of the radical of C1-C20, and it is good also as the ether, ester, and ketone structure. 
[0020] the rare earth complex of the general formula (II) X and whose Y are alkenyl radicals — the need — responding 
— olefins, such as ethylene and a propylene, — and halogenation olefin polymerization is carried out and it is good also 
as a macromolecule rare earth complex. 

[0021] In the compound expressed with a general formula (II), although the aforementioned thing is usable, when the 
point of the stability of the transparence solid support which contains a rare earth complex or a rare earth complex 
especially, and luminescence reinforcement is taken into consideration as Y, the alkyl group of carbon numbers 1-4, a 
par alkyl halide radical, an aromatic series radical, a par halogenated-aromatics radical, a hetero aromatic series radical, 
and a par halogenation hetero aromatic series radical are desirable, and a perfluoroalkyi radical, an aromatic series 
radical, and a hetero aromatic series radical are the most desirable especially. 

[0022] As rare earth elements expressed with Ln, lanthanides, such as La, Ce, Pr, Nd, Pm. Sm, Eu, Gd, Tb, Dy, Ho, Er, 
Tm, Yb, and Lu, are mentioned, and Nd, Eu, Tb, and Yb are mentioned preferably. 

[0023] Although n1 is 2 or 3, 3 is shown preferably. Although n2 is 1 or 2, 2 is shown preferably. Although n3 is either 
1-4, 3 is shown preferably. 

[0024] By carrying out the heavy hydrogen substitution reaction of the complex and deuteration agent which are 
expressed with a general formula (II), the complex (that whose Z is the heavy hydrogen atom D) of the general formula 
(I) indicated to claim 1 is obtained. Deuteration alcohol, such as heavy water, a deuteration methanol, and deuteration 
ethanol, a heavy hydrogen chloride, deuteration alkali, etc. are mentioned to the protonic compound and concrete 
target in which the deuteration agent used contains heavy hydrogen. In order to promote a reaction, base agents and 
additives, such as a trimethylamine and triethylamine, may be added. Although a heavy hydrogen substitution reaction 
is obtained by mixing the complex and deuteration agent which are expressed with a general formula (II), an aprotic 
solvent may be added to reaction time. As an aprotic solvent, halogen system solvents, such as ether system solvents, 
such as ketone solvent, such as an acetone and a methyl ethyl ketone, diethylether, and a tetrahydrofuran, chloroform, 
and a methylene chloride, DMSO, DMF, etc. are mentioned, inside — a general formula (II) — the dissolution — a 
meltable solvent is desirable. 

[0025] Moreover, as an amount of the deuteration agent to be used, 1-100 weight section extent is illustrated to the 
total amount (it considers as 1 weight section) of the complex expressed with a general formula (II), and it is 1 - 20 
weight section extent preferably. 

[0026] What is necessary is not to be limited especially as an approach of mixing, but to be 1 50 degrees C in 
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temperature from a room temperature, to be 30 to 100 degrees C in temperature preferably, and just to mix preferably 
under churning for 0.1 to 20 hours for 0.1 to 100 hours if needed. 
— [002-7-3-The complex -expressed-with a general formula (I) is obtained by distilling off a deuteration agent and a solvent 
after churning. Moreover, it can refine further by approaches, such as recrystallization, column chromatography, and 
sublimation, if needed. 

[0028] They are a general formula (I) and a general formula (II) by the above-mentioned approach. The rare earth 
complex expressed can be prepared. 

[0029] The extinction and the luminescence property of the rare earth complex concerning this invention are described 
in detail later. 

[0030] the above — it can use for various optical functional materials, such as a luminescence auxiliary object and an 
optical lens, by making a transparence solid support contain the rare earth complex which has useful extinction and 
luminescence property. In addition, the crystal of the above-mentioned rare earth complex itself can be used as an 
optical functional material similarly natural. 

[0031] Furthermore, the luminescence equipment which combined the light emitting diode or the semiconductor laser 
which emits the excitation light corresponding to f-f transition of the central ion of the transparence solid support 
containing the crystal of these rare earth complex or a rare earth complex and its rare earth complex or absorption of 
a ligand can be used as high luminescence equipment of luminous efficiency. 

[0032] A transparence polymer matrix, clear glass, etc. can be used as the above-mentioned transparence solid 
support 

[0033] As a transparence polymer matrix, polymethylmethacrylate, fluorine-containing polymethacrylate, Polyacrylate, 
fluorine-containing polyacrylate, polystyrene, polyethylene, Polyolefines, such as polypropylene and polybutene, 
fluorine-containing polyolefine, Polyvinyl ether, fluorine-containing polyvinyl ether, polyvinyl acetate, Polyvinyl chlorides 
and those copolymers, a cellulose, polyacetal. Polyester, a polycarbonate, an epoxy resin, polyamide resin, Polyimide 
resin, polyurethane, Nafion, petroleum resin, rosin, silicone resin, etc. are illustrated. Polymethylmethacrylate, 
- fluorine-containing polymethacrylate, polyacrylate, fluorine-containing polyacrylate, polystyrene, polyolefine, polyvinyl 
ether and those copolymers, an epoxy resin, etc. can be used preferably. Of course, these two or more sorts may be 
"combined. 

{0034] When making a transparence polymer matrix, clear glass, etc. contain a rare earth complex, in order to raise the 

transparency, a polar solvent can also be included simultaneously. 

"[0035] As a polar solvent, DMSO-d6 (dimethyl sulfoxide) can be used, for example. 
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EXAMPLE 



[Example] Although this invention is hereafter explained more to a detail based on an example, as for this invention 
itself, it is needless to say that it is not limited by these examples. 

[0039] The synthetic acetic-acid europium (Eu(CH3COO) 3:5g, 12.5mmol) of Eu(hfa-H)3(H20) 2 complex was melted to 
50ml distilled water, the hexafluoro acetylacetone (hfa) (CF3COCH2COCF3:7g, 33.6mmol) was added, and it agitated at 
the room temperature for 3 hours. The precipitating solid-state was recrystallized with after filtration and rinsing, a 
methanol, and distilled water, and the target complex (Eu(hfa-H)3(H20) 2: light yellow) was obtained. By differential 
thermal analysis (DSC), the obtained complex checked that they were two hydrates. IR (cm-1) : 3450 (O-H st), 1650 
(C-O sL), 1250-1150 (C-F) 19 F-NMR:(acetone - d6, standard substance C6F6; ppm)-78.3 [(CF3)0040] The complex 
(Eu(hfa-H)3(H20)2 5.77g) and triphenyl phosphine oxide (TPPO:2.97g) which were obtained in the synthetic example 1 
of Eu(hfa-H)3(TPPO) 2 complex were melted to the 100ml methanol, and heating reflux was performed for 12 hours. 
The methanol was removed by reduced pressure distilling off 1 2 hours after, and the white product was obtained. After 
washing these fine particles with toluene and removing Eu(hfa-H)3(H20) 2 unreacted complex by attraction filtration, 
. reduced pressure distilling off of the toluene was carried out The obtained product was washed by the hexane and fine 
particles were obtained. Yield was 5.28g and yield was 74%. The target complex (Eu(hfa-H)3(TPPO) 2) was obtained by 
recrystallizing with the mixed solvent of toluene and a hexane. 

~ IR (cm-1) : 1650 (C=0) 1250-1 150 (C-F), 1 125 (P=0) 19 F-NMR : (acetone - d6. standard substance C6F6; ppm) 

delta-76.7 1 (s, C-F) H-NMR (acetone - d6, standard substance TMS; ppm) : delta 7.6 (m, aromatic C-H), 5.4 (s, C-H) 
Elemental analysis (EuC51H3308F18P2) 

- Actual measurement C, 45.94;H, 2.57% calculated value C, 45.96;H, 2.50% [0041] The deuteration reaction of the 

complex obtained in the synthetic example 2 of Eu(hfa-D)3(TPPO) 2 was performed according to well-known reference 
(Hasegawa, Y.; Murakoshi, K.; Wada, Y.; Yanagida, S.; Kim, J.; Nakashima, N.; Yamanaka, T.J.Phys.Chem.1 996, 100, 
10201.). The obtained fine particles were fully dried and the target complex (Eu(hfa-D)3(TPPO) 2) was obtained. 
[0042] The polymer containing the complex obtained in the creation example 3 of the polymer containing 
Eu(hfa-D)3(TPPO) 2 prepared according to well-known reference (Hasegawa, Y.; Sogabe, K.; Wada, Y.; Kitamura, T.; 
Nakashima, N.; Yanagida, S.Chem.Lett.1999, 35.). 

[0043] The luminescence property of the PMMA polymer (A, B) containing luminescence property Eu(hfa-D)3(TPPO) 2 
is shown in drawing 2 . The luminescence property of the PMMA polymer (Hasegawa, Y.; Sogabe, K.;Wada, Y.; Kitamura, 
T.; Nakashima, N.; Yanagida, S.Chem.Lett.1999, 35.) (C, D) which contains a rare earth complex given in reference as a 
comparison is shown in the same graph. Drawing 2 shows that the luminescence quantum yield of the transparence 
solid support (A, B) containing the complex of this invention is improving by leaps and bounds compared with a thing 
(PMMA containing Eu(hfa-D)3(D20) 2) (C, D) given in reference. 

[0044] The graph of the emission spectrum of each sample is shown in drawing 3 . The spectral intensity of an axis of 
ordinate standardized the luminescence reinforcement of 590nm as 1. Excitation wavelength is 465nm corresponding to 
f-f transition of Eu3+ which is the central ion of a complex. As for the sample A (PMMA containing Eu(hfa-D)3(TPPO) 
2) which is the example of this invention, it turns out that the luminescence reinforcement of 615nm (red) is strong 
relatively. Moreover, in drawing 3 , it is observed that the peak intensity ratios of each sample differ. This shows that 
the color rendering properties of luminescence can be adjusted in a certain range by designing selection of a ligand, and 
the existence (amount) of an additive suitably. 

[0045] The excitation spectrum of the sample A (PMMA containing Eu(hfa-D)3(TPPO) 2) which is the example of this 
invention is shown in drawing 4 . It has a broadcloth absorption band besides a 465nm sharp peak in 370-450nm. It is 
thought that 465nm is based on f-f transition of central ion Eu3+ as above-mentioned, and a 370-450nm broadcloth 
absorption band is based on the thing which many f-f transition overlapped, or a ligand. 

[0046] Drawing 5 puts Sample A (PMMA containing Eu(hfa-D)3(TPPO) 2) on InGaN blue LED, and measures the 
spectrum of the transmitted light. Although InGaN-LED adjusts the component variable x so that the core of the 
luminescence wavelength may be set to 465nm, and it has a luminescence peak in 450-500nm, in 465nm, the steep 
absorption peak by f-f transition of central ion Eu3+ of rare earth complex Eu(hfa-D)3(TPPO) 2 has arisen in it. 
Moreover, the big luminescence peak has appeared in 615nm, and the small luminescence peak has appeared also near 
591nm and in near 700nm. The high luminous efficiency of about 70% in these is acquired as shown in drawing 2 . 
[0047] Drawing 6 is the result of adjusting the component variable x of InGaN-LED so that it may go into the 
370-450nm broadcloth excitation Mitsunori enclosure of Sample A (PMMA containing Eu(hfa-D)3(TPPO) 2), and 
performing measurement same as 405nm for luminescence wavelength. Also in this case, similarly, the big peak 
appeared near 615nm and the small peak has appeared 591 nm and near 700nm. 

[0048] Drawing 7 is the result of putting Sample A (PMMA containing Eu(hfa-D)3(TPPO) 2), and performing same 
measurement on the conventional white LED (what covered InGaN blue LED with the YAG fluorescent substance). In 
465nm, the absorption peak by f-f transition of Eu3+ is accepted clearly. And the big luminescence peak has appeared 
near 615nm as the result. It will become near white and the ideal light source using it for which the red component 
which was missing in the conventional white LED was compensated with the luminescence equipment produced by 
doing in this way will turn into a source of the white light where color rendering properties are dramatically high so that 
clearly from this drawing. An operation, a goods display, etc. can use especially this as the useful light source in the 
field for which the color discernment force or color rendering properties is needed. 

[0049] Since the rare earth complex concerning this invention has such an extinction property, it can be used useful as 
an efficient wavelength conversion light functional material by combining LED or semiconductor laser as the excitation 
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light source. It is thought that especially a 370-450nm broadcloth absorption band as shown in drawing 4 brings big 
effectiveness to combination with broadband emitters, such as EL 
— [0050] The-usefulness-ofsuch-a-wavelengthconversion light-functional-material and it.and-LED. or-the luminescence 
equipment by combination with semiconductor laser is discussed in the detail in application (application for patent 
2001-135116) of the above-mentioned point. The optical functional material which is a transparence solid support 
containing the rare earth complex and it concerning this invention, and luminescence equipment according to 
combination with the emitter of it LED, semiconductor laser, and others further provide society with the same 
industrial usefulness. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 The general formula of the rare earth complex concerning this invention. 

[Drawing 2] The correlation table of the luminescence property of the rare earth complex which is the example of this 
invention, and the rare earth complex of a comparison compound. 

[Drawing 3] The graph of the emission spectrum of the rare earth complex which is the example of this invention, and 
the rare earth complex of a comparison compound. 

[Drawing 4] The graph of the excitation spectrum of the rare earth complex which is the example of this invention. 
[Drawing 5] The graph of the result of having put Sample A on InGaN blue LED with a main luminescence wavelength of 
465nm, and having measured the spectrum of the transmitted light. 

[Drawing 6] The graph of the result of having put Sample A on InGaN purple LED with a main luminescence wavelength 
of 405nm, and having measured the spectrum of the transmitted lighL 

[Drawing 71 The graph of the result of having put Sample A on white LED which covered InGaN blue LED with the YAG 
fluorescent substance, and having measured the spectrum of the transmitted light. 
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[Drawing 5] 
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